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Background:  Myocardial  bridging  is  a common  ﬁnding  on  multi-detector  computed  tomography  (MDCT).
The  segment  proximal  to a myocardial  bridge  is  frequently  atherosclerotic,  although  the  tunneled  seg-
ment  is  spared.  This  study  aimed  to investigate  whether  myocardial  bridging  identiﬁed  by  MDCT  is an
independent  risk  factor  for coronary  atherosclerosis.
Methods  and  results:  Patients  (n =  188)  with  suspected  coronary  disease  underwent  MDCT  using  a  40-
detector  or  64-detector  instrument.  We  reviewed  the baseline  characteristics  (age,  body  mass  index,
smoking  history,  presence  of hypertension,  dyslipidemia,  and  diabetes  mellitus)  and  the  results  of  MDCT
angiography.  Two  radiologists  evaluated  the  coronary  artery  for myocardial  bridging  and  coronary
atherosclerosis  and  made  a diagnosis  by consensus.  Signiﬁcant  independent  risk  factors  for  coronary
atherosclerosis  were  investigated  by multivariate  logistic  regression  analysis.  We  identiﬁed  50  bridges
in  the  middle  segment  of  the  left anterior  descending  artery  (LAD).  There  were  no patients  with  signif-
icant  stenosis  in the tunneled  segment.  Multivariate  analysis  showed  that age,  diabetes  mellitus,  and
myocardial  bridging  in  the  mid-LAD  were  signiﬁcantly  associated  with  coronary  atherosclerosis  in the
proximal  LAD  (p < 0.05).  Age,  diabetes  mellitus,  and  the  absence  of myocardial  bridging  in  the  mid-LAD
were  signiﬁcantly  associated  with coronary  atherosclerosis  in  the  mid-LAD  (p < 0.05).
Conclusion:  The  segment  proximal  to  a segment  with  myocardial  bridging  is  frequently  involved  in
atherosclerosis,  although  the tunneled  segment  is spared.  Myocardial  bridging  in the mid-LAD  is  an
independent  risk  factor  for coronary  atherosclerosis  in the  proximal  LAD.
©  2ntroduction
Myocardial bridging is a congenital anomaly in which a seg-
ent of a coronary artery is surrounded by myocardium; the artery
overed by myocardium is called a tunneled artery. Myocardial
ridging is most commonly found in the middle segment of the
eft anterior descending coronary artery (LAD) [1–3].
Although myocardial bridging usually carries a benign prog-
osis, some patients suffer myocardial ischemia, infarction, and
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sudden death [4–8]. Pathology studies have shown that myocardial
bridging is associated with the development of atherosclerosis
proximal to a tunneled artery [9–12]. However, due to limitations
in the ability of catheter coronary angiography to detect myocar-
dial bridging, a causal relationship between myocardial bridging
and coronary atherosclerosis has not been established in vivo.
Recent advances in multi-detector computed tomography
(MDCT) have facilitated the non-invasive and accurate assessment
of coronary arteries. Preliminary reports have shown that this tech-
nique can detect myocardial bridges, visualize the coronary artery
lumen and wall, and assess the presence or absence of atheroscle-
rosis [13–18]. These reports suggested that myocardial bridging is a
common ﬁnding on MDCT and associated with the development of
atherosclerosis proximal to the tunneled artery [14,17]. However,
there have been no reports demonstrating myocardial bridging as
an independent risk factor for atherosclerosis. The purpose of this
study was to clarify whether myocardial bridging is an independent
llege of Cardiology.
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isk factor for coronary atherosclerosis by evaluating a series of
atients with coronary artery disease using MDCT.
ethods
tudy population
We  retrospectively studied 201 patients who underwent cardiac
DCT between December 2004 and December 2006 at our insti-
ute. The indications for MDCT were as follows: chest symptoms,
resence of coronary risk factors, electrocardiogram abnormalities,
reoperative evaluation or follow-up after percutaneous coronary
ntervention. We  excluded 13 patients with tachycardia or arrhyth-
ia  (n = 7), severe coronary artery calciﬁcation (n = 3), and poorly
nhanced coronary vessels (n = 3) because the quality of the images
as not suitable for precise evaluation using MDCT. Thus, the ﬁnal
tudy population consisted of 188 patients: 110 men  and 78 women
anging in age from 18 to 90 years (mean 66.5 years). All patients
ho underwent cardiac MDCT gave prior written informed consent
or the use of their MDCT images in future retrospective studies. The
nstitutional Review Board approved the use of the MDCT database
nd waived the requirement for informed, speciﬁc, study-related
atient consent.
A cardiologist determined the patients’ cardiovascular risk fac-
ors [age, gender, diabetes mellitus, hypertension, dyslipidemia,
ody mass index (BMI), and current smoking status] by inter-
iewing the patients and taking blood samples. Hypertension
as deﬁned as systolic blood pressure (BP) = 140 mmHg, diastolic
P = 90 mmHg, or the use of antihypertensive agents. Diabetes
ellitus was deﬁned as a physician-diagnosed history, ongoing
harmacologic therapy, fasting blood glucose level = 126 mg/dl
t baseline, or a 2-h postload glucose level >200 mg/dl dur-
ng an oral glucose tolerance test. Dyslipidemia was  deﬁned
s low-density lipoprotein cholesterol >140 mg/dl, high-density
ipoprotein cholesterol <40 mg/dl, triglycerides >150 mg/dl, or
ngoing antidyslipidemic therapy. The BMI  was calculated from
ody weight (BW) and height (Ht) using the following formula:
MI  = BW/(Ht)2.
can protocol and image reconstruction
In patients with heart rates >70 beats per min  (bpm), 20 mg
f metoprolol was administrated orally 1 h before MDCT and all
atients received 0.3 mg  of nitroglycerin sublingually 5 min  before
canning. Using a 40-detector CT scanner (Brilliance-40; Philips
edical Systems, Cleveland, OH, USA) or 64-detector CT scanner
Brilliance-64; Philips Medical Systems), contrast-enhanced MDCT
xaminations were performed with the patients in the supine
osition during a single breath-hold. The scanner settings were
s follows: detector collimation, 40 mm × 0.625 mm;  table feed,
1.9 mm/s; beam pitch, 0.2; tube rotation time, 420 ms;  tube volt-
ge 120 kV, and tube current time-product, 600 mAs. Depending on
he cardiac geometry, the scanning time varied from 7 to 15 s.
We inserted a 20-gauge intravenous catheter into an antecubital
ein and injected 80 ml  iopamidol (Iopamiron-370; Nihon Scher-
ng, Osaka, Japan) at a rate of 4.0 ml/s or 1.0 ml/kg iopamidol at
njection duration of 15 s using a power injector (Autoenhance
-250; Nemoto-Kyorindo, Tokyo, Japan). This was  followed by
 chaser bolus of 20 ml  saline at an injection rate of 4 ml/s. A
omputer-assisted bolus tracking technique was used to synchro-
ize the arrival of the contrast medium in the coronary arteries with
he start of scanning [19]. To monitor the arrival of the contrast
aterial, we performed axial scans at the level of the ascending
orta 8 s after the start of contrast injection. Scanning was startediology 63 (2014) 134–139 135
automatically 6 s after contrast enhancement reached 200
Hounsﬁeld units in a region-of-interest within the ascending aorta.
Images were reconstructed with electrocardiographic gating to
obtain optimal, motion-free image quality; the section thickness
and interval were 0.8 mm and 0.4 mm,  respectively. Initially, a sin-
gle dataset was  reconstructed during the mid-diastolic phase (75%
of the R–R interval). In cases with unsatisfactory image quality,
image reconstruction of the raw data was  performed at 0, 10, 20,
30, 40, 50, 60, 70, 80, and 90% of the R–R interval to improve the
image quality of all available coronary segments. We used a conven-
tional single-sector algorithm when the heart rate was  slower than
57 bpm and a segmented cardiac reconstruction algorithm when it
was faster than 58 bpm.
Image analysis
We generated multiplanar reformation (MPR), maximum inten-
sity projection, volume rendering, and curved MPR  (CPR) images
from transaxial source images on a computer workstation (ZIO
M900; Zio Software, Tokyo, Japan). The generated images were ana-
lyzed on the same workstations by two  board-certiﬁed radiologists
(T.N. and D.U.) with 5 and 7 years of experience interpreting cardiac
CT, respectively. Both radiologists were blinded to patients’ clinical
information. Based on published criteria [3,16], myocardial bridg-
ing was diagnosed when an intramuscular segment of a coronary
artery was visualized on axial and MPR  images, and the thick-
ness of overlying myocardial tissue exceeded 1.0 mm (Fig. 1). The 2
radiologists recorded the number and location of the intramuscular
segments, and disagreements were resolved by consensus. In the
case of myocardial bridging, the length and depth of the intramus-
cular segments were recorded. Two radiologists also determined
the presence or absence of coronary atherosclerosis. The pres-
ence of coronary atherosclerosis was deﬁned as luminal narrowing
>50%.
Statistical analysis
All data are expressed as the mean ± SD for continuous vari-
ables and as the number of patients (percentage) for categorical
variables. Univariate and multivariate logistic regression analyses
were performed to investigate the relationship between coronary
atherosclerosis and risk factors (age, hypertension, dyslipidemia,
smoking history, diabetes mellitus, BMI, and the presence of
myocardial bridging). Variables with p-values <0.2 by univariate
logistic regression analysis were chosen as the variables for mul-
tiple logistic regression analysis. Variables with p-values <0.05 in
the multivariate model were considered to be statistically sig-
niﬁcant. We  also computed the odds ratio (OR) using the group
of patients that did not have atherosclerosis as the reference
group.
Statistical analyses were performed with commercially avail-
able software (SPSS, version 15.0; SPSS, Chicago, IL, USA);
differences of p < 0.05 were considered statistically signiﬁcant.
Results
Prevalence and appearance of myocardial bridging
Table 1 summarizes the prevalence and appearance of myocar-
dial bridging on CT coronary angiographs. We identiﬁed 73
myocardial bridges in 57 of 188 patients (30.3%). Of the myocardial
bridges, 50 were located in the middle and 5 in the distal LAD; 10
were in the ﬁrst diagonal branches (D1), and 8 were in the obtuse
marginal arteries (OM). The mean length of bridges in the mid-
LAD, distal LAD, D1, and OM were 18.9 ± 7.1, 18.7 ± 4.0, 28.1 ± 11.7,
136 T. Nakaura et al. / Journal of Cardiology 63 (2014) 134–139
F patien
w e epi
6 r groo
a
i
r
M
t
m
t
i
t
p
a
T
P
U
t
big. 1. Examples of multiplanar reformation (MPR) and curved MPR  (CPR) images of 
oman  with no bridging. The left anterior descending artery (LAD) is located on th
3-year-old man  with bridging. A segment of the LAD travels in the interventricula
nd 28.1 ± 11.7 mm,  respectively; the mean thickness of the overly-
ng myocardium was 1.9 ± 1.0, 1.1 ± 0.1, 2.0 ± 0.9, and 2.4 ± 1.2 mm,
espectively.
ultivariate analysis for coronary plaque
As shown in Table 1, most myocardial bridging was  located in
he mid-LAD. We  investigated the relationship between mid-LAD
yocardial bridging and LAD stenosis. Tables 2 and 3 summarize
he prevalence of LAD stenosis and risk factors for atherosclerosis;
t also shows the results of multivariate logistic analysis to identify
he independent risk factors for coronary stenosis. The number of
atients with distal LAD stenosis was too small for multivariate
nalysis.
able 1
revalence and appearance of myocardial bridging.
Mid-LAD Distal LAD D1 OM
Prevalence 50 (26.6) 5 (2.7) 10 (5.3) 8 (4.3)
Length (mm)a 18.9 ± 7.1 18.7 ± 4.0 28.1 ± 11.7 30.5 ± 10.8
Thickness (mm)a 1.9 ± 1.0 1.1 ± 0.1 2.0 ± 0.9 2.4 ± 1.2
nless otherwise indicated, data show the number of patients; numbers in paren-
heses are percentages. LAD, left anterior descending artery; D1, ﬁrst diagonal
ranches; OM,  obtuse marginal arteries.
a Mean ± standard deviation.ts with no (A and B) and with myocardial bridging (C and D). (A and B) A 62-year-old
cardial surface of the heart and surrounded by epicardial fat (arrows). (C and D) A
ve (arrows) and is covered by myocardium (arrow head).
By multivariate analysis, age, diabetes mellitus, and myocardial
bridging were signiﬁcantly associated with coronary atheroscle-
rosis in the proximal portion of the LAD (p < 0.05). In particular,
mid-LAD bridging dramatically increased the risk of coronary
atherosclerosis (OR, 4.99; p < 0.01). There was no patient with
mid-LAD bridging that had mid-LAD stenosis of >50%. A representa-
tive case is shown in Fig. 2. Age, diabetes mellitus, and the absence
of myocardial bridging were signiﬁcantly associated with mid-LAD
stenosis (p < 0.05). To investigate the inﬂuence of myocardial bridg-
ing on coronary atherosclerosis in vessels other than the one with
bridging, we  examined the relationship between myocardial bridg-
ing in the mid-LAD and atherosclerosis in the right coronary artery.
Myocardial bridging was  not signiﬁcantly associated with right
coronary artery stenosis (Table 4).
Discussion
In the present study, the prevalence of myocardial bridging of
the LAD (26.6%) was similar to that reported based on intravas-
cular ultrasound (23%) [20], MDCT angiography (26%) [21], and
autopsy studies in Japanese subjects (29.5%) [10]. We found that
coronary atherosclerosis was  frequently observed in the segment
proximal to the segment with myocardial bridging. Additionally,
our multivariate analysis suggested that myocardial bridging is an
independent risk factor for coronary atherosclerosis. Thus, this fre-
quent coronary artery anomaly may  be an important risk factor for
coronary heart disease.
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Table  2
Results of multivariate logistic analysis to investigate independent factors for 50% stenosis in the proximal left anterior descending artery (LAD).
Variable 50% stenosis of proximal LAD p-Value Odds ratio 95% CI
With (n = 86) Without (n = 102)
Sex (male/female) 50/36 60/42 0.08 1.90 −0.08, 1.36
Age  (years)a 70.4 ± 8.8 63.2 ± 15.1 <0.01 1.06 0.02, 0.09
Dyslipidemia 46 (53.5) 42 (41.2) 0.07 1.90 −0.06, 1.34
Diabetes mellitus 53 (61.6) 33 (32.4) <0.01 4.47 0.75, 2.24
Body  mass indexa 23.2 ± 3.5 22.9 ± 3.1 0.06 0.90 −0.22, 0.01
Bridge on the mid-LAD 36 (41.9) 14 (13.7) <0.01 4.99 0.81, 2.41
Unless otherwise indicated, data show the number of patients; numbers in parentheses are percentages. CI, conﬁdence interval.
a Mean ± standard deviation.
Table 3
Results of multivariate logistic analysis to investigate independent factors for 50% stenosis in the middle left anterior descending artery (LAD).
Variable 50% stenosis of middle LAD p-Value Odds ratio 95% CI
With (n = 32) Without (n = 156)
Age (years)a 74.3 ± 7.4 64.9 ± 13.4 <0.01 1.08 0.04, 0.12
Diabetes mellitus 20 (62.5) 66 (42.3) 0.01 3.49 0.30, 2.19
Body  mass indexa 22.2 ± 2.5 23.3 ± 3.4 0.06 0.85 −0.32, 0.01
Bridge  on the mid-LAD 0 (0.0) 50 (32.1) <0.01 <0.01 <0.01, >999
U
F
c
t
C
tnless otherwise indicated, data show the number of patients; numbers in parentheses a
a Mean ± standard deviation.
ig. 2. A 52-year-old man  with ischemic heart disease and recurrent episodes of chest p
omputed tomography suggested an old anterior myocardial infarction with ischemia. 
hrombus in the proximal segment of the left anterior descending artery (LAD) (arrow he
oronary multi-detector computed tomography angiography shows myocardial bridging
o  the tunneled artery (arrow head).re percentages. CI, conﬁdence interval.
ain. Exercise electrocardiogram and myocardial perfusion single photon emission
(A and B) Conventional angiography in diastole (A) and systole (B) shows a large
ad). Note the ‘milking effect’ in the middle segment of the LAD (arrow). (C and D)
 (C, arrow), the overlying myocardium, and a large plaque (D, arrow) just proximal
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Table 4
Results of multivariate logistic analysis to investigate independent factors for 50% stenosis in the right coronary artery (RCA).
Variable 50% stenosis of RCA p-Value Odds ratio 95% CI
With (n = 62) Without (n = 126)
Age (years)a 70.9 ± 9.9 64.3 ± 13.9 <0.01 1.05 0.02, 0.09
Smoking  history 45 (72.6) 52 (41.3) <0.01 1.77 0.15, 0.99
Diabetes mellitus 37 (59.7) 49 (38.9) 0.02 2.21 0.13, 1.45
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Until recently, the clinical signiﬁcance of myocardial bridging
emained controversial [4–8,22,23]. The reason for the conﬁne-
ent of atherosclerosis to the part of the vessel proximal to the
ridge is unclear; however, pathological ﬁndings suggested the
evelopment of atherosclerosis was due to hemodynamic forces
t the entrance to the tunneled segment [12,24]. A disturbance
f endothelial shear stress modulates endothelial gene expression
hrough complex mechanotransduction processes, leading to the
ormation of early atherosclerotic plaques [2,25,26]. In fact, the lev-
ls of endothelial vasoactive agents such as nitric oxide synthase,
ndothelin-1, and angiotensin-converting enzyme were signiﬁ-
antly higher in proximal segments than in the tunneled artery
24].
Some previous reports denied the inﬂuence of myocardial bridg-
ng on the presence of atherosclerotic lesions in the non-bridged
egments [27,28]. However, this may  have been due to the charac-
eristics of patients enrolled in these studies. First, the mean age of
he patients with myocardial bridging in our study was  higher than
hat in previous studies, and myocardial bridging might affect the
evelopment of atherosclerosis at a slow rate. Second, the preva-
ence of diabetes mellitus was signiﬁcantly higher in the patients
ith myocardial bridging in our study. Diabetes mellitus might
lay an important role in the progression of atherosclerosis at the
roximal segment of myocardial bridging. Lastly, MDCT exami-
ations were performed in the patients with cardiac symptoms
nd/or established coronary disease in our study. The inﬂuence
f myocardial bridging on atherosclerosis in the asymptomatic
opulation was not evaluated. These differences in patient char-
cteristics might explain the discrepancy in results.
We postulate that limitations of catheter coronary angiography
ender the clinical signiﬁcance of myocardial bridging uncertain.
yocardial bridging is characterized by a ‘milking effect’ due to
oronary narrowing during systole based on coronary angiography
29]. Although this effect is considered diagnostic, the incidence of
yocardial bridging ranged from 15% to 85% of the general pop-
lation in autopsy studies [3,11,30,31] and from 0.5% to 2.5% in
oronary angiographic studies [22,23,29,32]. Previous reports sug-
est that the lower detection rate based on angiography can be
xplained by the presence of minimal or no compression by thin
ridges, or the presence of an atherosclerotic lesion resulting in
hysiologic stenosis proximal to the bridge [8]. The failure to iden-
ify myocardial bridging on angiography might obscure a causal
elationship between myocardial bridging and atherosclerosis.
MDCT angiography offers advantages over conventional angiog-
aphy for the evaluation of myocardial bridging, because it is a
oninvasive imaging modality that allows assessment of the coro-
ary artery lumen, wall, and surrounding myocardium [2,13,21,33].
n addition, it yields information on the length, depth, and pre-
ise location of atherosclerosis associated with myocardial bridging
14,17]. Myocardial bridging can be broadly classiﬁed as superﬁ-
ial or deep, depending on the thickness of the covering muscle
ayer. Additionally, the superﬁcial type can be further classiﬁed
s complete or incomplete. Hwang et al. examined 557 cases
f myocardial bridging, and reported that two-thirds of myocar-
ial bridging segments were of the superﬁcial type [34]. There percentages. CI, conﬁdence interval.
association between the morphologic features of myocardial
bridging and coronary atherosclerosis is an interesting problem.
Evaluation by MDCT may  help to clarify if there is a causal relation-
ship between the type of myocardial bridging and atherosclerosis.
An additional advantage of MDCT is the identiﬁcation of vulner-
able coronary plaque. There are several clinical features associated
with plaque vulnerability, including positive remodeling, low
attenuation, and the presence of spotty calciﬁcation [35,36]. Kashi-
wagi et al. recently reported that the napkin-ring sign assessed by
MDCT has similar clinical features to ﬁbroatheroma [37]. We  could
not investigate the association between myocardial bridging and
these coronary features in this study. Further study is needed to
clarify the contribution of myocardial bridging to coronary vulner-
ability.
Study limitations
Our study has some limitations. First, we could not rule out a
population bias. We  excluded patients who  manifested unstable
sinus rhythm or a relatively fast heart rate, because these variables
degrade the quality of the MDCT images. Although different ﬁnd-
ings may  be obtained in low-risk and asymptomatic patients, our
series reﬂects the population encountered in clinical practice. Sec-
ond, we did not perform a comparison study between pathology
and MDCT coronary angiography; however, the excellent diagnos-
tic performance of MDCT coronary angiography in the detection
of coronary plaques has been documented [38–42]. Third, we  only
evaluated myocardial bridging in the mid-LAD, because we  could
not ﬁnd an adequate number of myocardial bridges over other ves-
sels. Therefore, it is possible that in other coronary vessels, there
may  be a different relationship between myocardial bridging and
stenosis of the proximal vessel. Lastly, our results were based on the
analysis of a group of highly symptomatic patients at a single center,
and the relevance of our results to the pharmacological treatment
of asymptomatic patients with myocardial bridging is not certain.
We are in the process of performing multicenter studies to further
assess the clinical signiﬁcance of myocardial bridging.
Conclusions
The segment of a coronary artery proximal to a segment with
myocardial bridging is at increased risk of atherosclerosis, although
the tunneled segment is spared. Myocardial bridging in the mid-
LAD is an independent risk factor for coronary atherosclerosis in the
proximal LAD. Close attention should be paid to the development
of coronary atherosclerosis in the segment proximal to the site of
myocardial bridging, especially in elderly patients with diabetes
mellitus.
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